The effect of stress on drinking, water balance and endocrine profile was studied using ten castrated rams. Individual sheep were exposed to 30-h periods of total isolation (psychological stress) 
INTRODUCTION
Numerous studies have sought to determine the endocrinological response of the sheep to stress.
Several of these have been concerned with effects of husbandry procedures (Kilgour & de Langen, 1970; Purchas, 1973; Thurley& McNatty, 1973; Fulkerson& Jamieson, 1982) and environmental factors (Panaretto & Vickery, 1970; Guerrini & Bertchinger, 1982) on the pattern of cortisol release. However, little attention has been paid to the physiological and behavioural changes that may accompany alterations in plasma concentrations of'stress hormones'.
In sheep stressed by exposure to various combi¬ nations of temperature and humidity, highly significant correlations have been found between conditions that increase plasma concentrations of cortisol and those that reduce water intake and urine output (Guerrini & Bertchinger, 1982) . These findings suggest that cortisol may affect water balance in the sheep. In contrast, treatment of sheep for 5 days with individual gluco-or mineralocorticoids had little effect on water intake or related physiological indices (Fan, Coghlan, Dentón et al. 1975) although combined steroid administration did produce a transient inhibition of drinking. Thus it would appear that the effects of stress on fluid balance cannot readily be stimulated by the administration of exogenous corticosteroids. Nevertheless, the possibility that endogenous glucocorticoids can influence extra¬ cellular fluid homeostasis in the sheep is of interest and requires further investigation.
The antidiuretic hormone, arginine vasopressin (AVP), has often been said to be influenced by stress, although this is not supported by recent findings in the rat (Lang, Heil, Ganten et al. 1983 ). In the sheep, as in other species, there is a positive relationship between plasma AVP concentration and osmolality (Weitzmann & Fisher, 1977) and a restriction of daily water intake, insufficient to inhibit feeding and therefore not especially stressful, raises AVP levels (Blair-West, Gibson, Woods & Brook, 1985) . How¬ ever, it has not been established whether AVP is directly involved in the response of the sheep to stress.
In the present study, the effect of stress-induced alterations in plasma concentrations of cortisol and AVP on the maintenance of water balance in the sheep has been examined. Since physical Stressors, such as extreme temperatures, might have a direct effect on water intake, the animals were subjected to a psychological stress. The sheep, being a social species, is sensitive to changes in group structure and separ¬ ation from the flock is known to be particularly stressful (Kilgour & de Langen, 1970 (Heap, Silver & Walters, 1981) and the radioimmunoassay for AVP was as described by Forsling & Williams (1984) . Statistical analysis was carried out using the paired /-test (two-tailed).
RESULTS
Cumulative water intake over the 30-h experimental period is shown in Fig. 1 . The sheep drank little during the first 6 h of separation or isolation (mean intake ± s.e.m., 320-5 +141-1 ml, separated; 54-0 ±49-7 ml, isolated). However, during the 18-h period between the final record on day 1 (6 h) and the first record on day 2 (24h), the sheep drank significantly (P<0-02) more when separated ( 1579-0 ± 324-1 ml) than when isolated (453-0 ± 245-5 ml). This trend was maintained through¬ out the second day (total intake, 1183-0 + 372-3 ml, separated; 464-0+ 178-7 ml, isolated). Five (Thompson & Goode, 1981) . On five out of seven sampling occasions during the experimental period, isolation resulted in significantly higher cortisol levels than separation, the effect being most marked in the first sample after isolation (2 h). The failure to detect a significant difference in the final sample of both days (6 h and 30 h) may reflect the finding that cortisol concentrations in the sheep are lowest in the afternoon (Fulkerson & Tang, 1979) .
Plasma AVP concentrations are given in Fig. 3 range of 41 +0-2 to 4-4 + 0-2 for both conditions; plasma Cl" ranged from 102-3 + 0-8 to 104-9 + 0-8 (separation) and from 102-7 + 0-9 to 104-0+1-1 (isola¬ tion). These findings indicate that isolation stress had relatively little effect on body fluid tonicity and composition, even though water intake was markedly reduced (Fig. 1) . This is particularly obvious when the four sheep that refused to drink during isolation are considered separately ( (Guerrini & Bertchinger, 1982) , which is probably caused by splenic contraction due to emotional excitement (Turner & Hodgetts, 1959) , rather than a change in plasma volume. The present results, whilst confirming these various findings, also show that when sheep are subjected to acute stress they remain in water balance, even though drinking is reduced (Guerrini & Bertchinger, 1982) . Since sheep normally drink after feeding, at a time when plasma osmolality is increased (Ternouth, 1967 (Ternouth, , 1968 , stress-induced reductions in food intake may indirectly affect fluid balance. The isolated sheep in this study appeared to eat less than normal and it is therefore possible that the results can be explained by an inhibitory effect of cortisol on food intake. However, it also seems likely that cortisol may have a direct physiological action on water balance, as has been suggested previously (Fane/ al. 1975 ).
There is evidence from other species for the existence of a phenomenon of this kind. For example, in the rat (Moses, 1965) and the dog (Swingle, Da Vanzo, Glenister et al. 1959 ) it has been shown that gluco¬ corticoids can bring about shifts in body water which lead to plasma volume expansion and a recent report has indicated that adrenocorticotrophic hormone and cortisol can produce similar effects in man (Connell, Whitworth, Davies et al. 1986 ). Although the under¬ lying mechanism is unknown, in the sheep there is a distinct possibility that the rumen, which acts as a reservoir for up to 15% of body water (Shkolnik, Maltz & Choshniak, 1980) , may be involved in the response. Under normal conditions, water movement between the rumen and plasma is minimal (von Engelhardt, 1970) , however, factors within the animal can alter permeability and water movement across the rumen can occur against an osmotic gradient (Dobson, Sellers & Shaw, 1970 (von Engelhardt, 1970 (Ruckebusch & Malbert, 1986 ) at a dose level sufficiently high to raise plasma cortisol levels (Donald, Redekopp, Cameron et al. 1983 ).
With regard to the possible role of AVP as a 'stress hormone' in the sheep, under the conditions of short-term stress imposed in the present experiment there was evidence of an interaction between cortisol and AVP. High cortisol concentrations in isolated sheep were associated with low AVP levels and AVP concentrations tended to be higher in the less stressed separated animals. This response differs from that observed when sheep are exposed to a prolonged stress. For example, in sheep subjected to 4 weeks of environmental stress, not only is the plasma concen¬ tration of cortisol raised and drinking inhibited, but there is also evidence of antidiuresis (Guerrini & Bertchinger, 1982) , suggesting augmented AVP release.
This could occur in response to a sustained increase in osmolality due to reduced water intake, but it could also result from enhanced mineralocorticoid secretion, since AVP concentrations rise after about 3 weeks in sheep bearing deoxycorticosterone implants (Brooks, Share, Crofton et al. 1985) . However, the reason that a similar pattern of response is not seen during acute stress seems to be that cortisol raises the osmotic threshold for AVP release (Aubry, Nankin, Moses & Streeten, 1965) . This has the effect of delaying the increased pituitary output of AVP that would normally occur in response to rising osmolality resulting from decreased water intake. Thus, in the sheep, it would seem that AVP may not respond directly to stress but, rather, to stress-induced changes in circulating cortisol and its associated physiological effects.
In conclusion, in the acutely stressed sheep cortisol appears to reduce thirst and maintain water balance.
An effect of this nature would be highly adaptive because it would eliminate the need to find water when the flight response is activated. Any effect of stress on AVP release, however, is complex and involves interactions with cortisol itself and the effects of cortisol on water intake. These observations are not consistent with the view that AVP has a primary role as a 'stress hormone' in the sheep.
